A comparison between crack growth rate (da/dN) vs. effective stress intensity range factor (∆K eff ) curve behavior and microscopic and macroscopic fracture surface of commercial Ti-6Al-4V alloy are presented. Three different regimes are correlated with characteristics measured on the fracture surfaces. Three regions can be observed in which part I is rough and darker than others parts known as pre-transition, part II is smooth and light known as transition region and part III is a little darker than part II known as post-transition region. In the present investigation the correlation of fatigue crack growth rate for Ti-6Al-4V and microstructure of fracture surface has been presented.
Introduction
Two-phase α+β titanium alloys are used in a wide variety of aerospace applications (e.g. turbineengines in commercial and military aircrafts) because they exhibit excellent fatigue crack propagation resistance, fracture toughness, creep resistance and low density [1] . It is used in a variety of micro structural conditions, depending on the properties desired. The bimodal microstructure is produced by deformation in the α+β region with subsequent recrystallization and ageing to produce a microstructure consisting of equiaxed α grains and transformed β grains containing α laths. The β-aged microstructure consists of a lath in a β-matrix. Previous studies have suggested that the fatigue behavior and mechanical properties of α+β titanium alloys are greatly influenced by their microstructures. Chan et al. [2] studied the deformation behavior of individual colony of α+β titanium alloy in compression and found that the yield stress of a colony varied with the angle between the primary slip system and the colony orientation. Further, several studies suggested that fatigue crack growth behavior was affected by the microstructure (colony size and orientation) [3] [4] [5] [6] [7] . The forementioned and several other studies have shown that the microstructure considerably influences fatigue crack growth behavior [8] . Low cycle fatigue (LCF) tests at stress ratios (R) of 0 and -1 showed a significant dependence of fatigue life on grain morphology [9, 10] . Many of these researches have an overall view on microstructure affect on fatigue crack growth rate with no attention local view of microstructure affect on crack growth path.
Microstructure of the fracture surface characteristics has the capability to identify fatigue crack growth rate behavior in Paris regime. In the present investigation the relationship of fatigue crack growth rate for Ti-6Al-4V and microstructure of fracture surface has been presented.
Material and experimental procedure
Material. The material used in the present study was Ti-6Al-4V forged plates, which had been preheated and solution treated at 935 • C for 105 min, cooled under flowing air, vacuum annealed at 705 • C for 2 h, and then cooled under flowing argon. This resulted in a duplex microstructure consisting of approximately 60% (volume) of nearly equiaxed primary α (hcp) and 40% (volume) of transformed β (lamellar α+β colonies consisting of α platelets in a β matrix-bcc) phases with a grain size of about 10 µm. This microstructure has been referred to as solution treated and averaged as well as bimodal [11] . The shape of this microstructure is shown in Fig.1 ; the composition of the material is given in table 1 and table 2 specifies mechanical properties of Ti-6Al-4V forged plates. 
Results and discussion
The key observation was the change in the growth rate, which occurred in almost every test, indicating that fatigue crack propagation is not a stable, smooth, well ordered process. The key observation in Fig.3 was the change of the fatigue crack growth rates show two transition points, namely at ∆K eff =8 MPa.m 1/2 and at ∆K eff =12 MPa.m 1/2 . These transition points follow macroscopically visible changes in fatigue crack surfaces, an example of which is shown in Fig.2 . Three regions can be observed in which part I is rough and darker than others parts known as pre-transition, part II is smooth and light known as transition region and part III is a little darker than part II known as post-transition region. These region are related to crack growth rate vs. ∆K eff curve behavior which shown in Fig.3 . 
